When other rats were introduced into the animal room, the senior rats showed an increase in adrenaline alone, while noise exposure produced an increase in corticosterone alone. These findings suggest that while severe stress, such as immobilization, causes marked changes in all 4 hormones, relatively mild stress produces changes in one to three, not all, hormones, and that catecholamine and corticosteroid responses are dissociated insome forms of the mild stress.
Restriction to a small space induced a less pronounced but still obvious increase in adrenaline and corticosterone and a decrease in dopamine.
When other rats were introduced into the animal room, the senior rats showed an increase in adrenaline alone, while noise exposure produced an increase in corticosterone alone. These findings suggest that while severe stress, such as immobilization, causes marked changes in all 4 hormones, relatively mild stress produces changes in one to three, not all, hormones, and that catecholamine and corticosteroid responses are dissociated insome forms of the mild stress.
It is considered that neuroendocrine responses to stress varyaccording to both the type of stress and its intensity.
In SHR rats, the hormone response to severe stress was greater than in WKY rats,and the response was somewhat less than in WKY rats when exposed to mild stress. changes in plasma levels of catecholamines and corticosteroids in animals. Plasma concentrations of catecholamines and corticosterone have been measured in many of the studies performed on rodents to assess the activity of these two neuroendocrine systems. Blood sampling, however, involves animal restraint and venipuncture which may provoke psychological and physiological disturbances. Indwelling catheters can be employed to avoid such undesirable effects6,7), but the results tend to be influenced by the skillfulness of surgical operation and the quality of animal care. Moreover, the effect of an indwelling needle and blood loss on the circulatory system cannot be completely excluded.
Another way to investigate hormonal changes is urine analysis. Since urine collection usually requires no detrimental treatment, analyzing urine rather than blood would seem to provide information of practical value regarding the changes induced, especially by mild stress. We have developed sensitive methods of HPLC and post-column fluorometry to analyze urinary corticosteroids8) and catecholamines9).
The aim of the present study was to examine urinary excretion of catecholamines and corticosterone in rats exposed to various types of stress, and to compare the patterns of changes induced by mild stress with those induced by severe stress. To achieve this aim, rats were exposed to several kinds of stress and urinary excretion of corticosterone, adrenaline, noradrenaline and dopamine was measured. The data were obtained from spontaneously hypertensive rats (SHR) and Wistar-Kyoto normotensive rats (WKY) to elucidate whether SHR rats are more responsive to mild stress, as has been previously reported 10) in the case of severe stress.
METHODS

Animals
and Housing 
Stress Experiment 2
Twelve of the 25 male WKY rats maintained as described above were exposed to 'RESTRICTED SPACE' stress from 9 : 30 to 13 : 30, and the other 13 male WKY rats were not. Urine samples were collected from the untreated rats from 9 : 30 to 13 : 30 on the stress experiment day and the preceding control day.
Urine Analysis Table 1 . The values during the recovery period are given in Table 2 .
IMMOBILIZATION
Two-hour immobilization induced significant increases in the urinary excretion of corticosterone, adrenaline and noradrenaline in WKY rats. The percentage increases compared to the control value were 125% for corticosterone, 121% for adrenaline and 31 % for noradrenaline. The adrenaline level remained elevated during the recovery period. Dopamine, on the other hand, decreased significantly by 15% during the 2-hour immobilization experiment.
Similar results were obtained in the 20-min immobilization experiment, although the increments were less pronounced. In the SHR rats, the urinary output of corticosterone, adrenaline and noradrenaline increased by 192%, 268% and 62%, respectively, and dopamine output tended to decrease (14%) during the 2-hour immobilization. The adrenaline and corticosterone values durig the 2-hour immobilization were significantly higher in the SHR rats than in the WKY rats.
•e RESTRICTED SPACE' CONDITION Reduction of free space by placing a plastic box in the rat cage produced a significant increase in adrenaline and corticosterone excretion and a decrease in dopamine excretion in the WKY rats. In the SHR rats, only an increase in adrenaline was observed under these conditions. In the recovery period, hardly any difference in hormone levels was found between the stress-treated day and the preceding control day in either SHR or WKY rats.
• Exposure to intermittent 100 dB(C) noise produced a marked increase in urinary excretion of corticosterone in both WKY and SHR rats. Corticosterone levels were still elevated in the recovery period in the SHR rats, but no difference was observed in the WKY rats. Noradrenaline excretion showed a slight but significant decrease during 100 dB(C) noise exposure in SHR rats. In the WKY rats, catecholamines did not exhibit any noise-related changes during either the exposure period or the recovery period at this noise level.
Lower noise levels produced no changes in corticosterone excretion but significant decreases in adrenaline, noradrenaline and dopamine excretion in the WKY rats. SHR rats also showed significantly reduced adrenaline output during noise exposure at 87 dB(C).
Comparison of SHR and WKY rats on control days
In the no-stress control days, urinary levels of adrenaline, noradrenaline and corticosterone from 14 : 00 to 18 :00 were lower in the SHR rats than in the WKY rats, although hardly any difference was observed during the period from 10 : 00 to 14 : 00. Dopamine excretion was considerably higher in the SHR rats than in the WKY rats during both peirods, with or without stress exposure.
(2) Stress Experiment 2 
DISCUSSION
The present study demonstrated that immobilization for 2 hours causes significant increases in the urinary excretion of corticosterone, adrenaline and noradrenaline in rats. Immobilization-induced increases in urinary adrenaline and noradrenaline in rats have also been reported by Kvetnansky et al12). Elevations of plasma levels of adrenaline, noradrenaline and corticosterone have been demonstrated in rats exposed to immobilization and footshock2). The results indicate that these severe stresses induce enhanced sympathetic-adrenomedullary system and pituitary-adrenocortical axis activity.
Urinary excretion of dopamine significantly decreased in the immobilizationexposed rats in the present experiment.
Our previous data 13) indicated that footshock also induces a decrease in dopamine excretion in the rat. These results are consistent with the findings of Mizutani et al14) who stated that repeated immobilization provokes a significant decrease in the urinary output of free dopamine in the rat. It might be concluded that immobilization and footshock cause a decrease in the urinary excretion of free dopamine in these animals. Swimming stress, however, seems to increase urinary dopamine levels, as well as adrenaline, noradrenaline and corticosterone levels, in the rat.13) The reason for the different responses of urinary dopamine to immobilization and swimming is not clear.
Several workers have investigated the effect of relatively mild stress on the pituitary-adrenal and sympathetic-adrenal systems. Popper et al.') and Buler et al.6) reported that handling induces increased plasma levels of adrenaline, norad renaline and corticosterone in the rat. Elevated plasma levels of these hormones were also observed when rats were placed in a novel cage or when animals was exposed to psychological stress5). Noise exposure for several minutes was shown to increase plasma levels of adrenaline, noradrenaline and corticosterone in the rat15). However, the response of urinary catecholamine and corticosterone levels to mild stress is not fully understood. The present study was carried out to clarify the effects of mild stress on the urinary excretion of adrenaline, noradrenaline, dopamine and corticosterone in the rat. When an unfamiliar plastic box was placed in the rat cage, considerably reducing free space, urinary excretion of adrenaline and corticosterone in the rat increased, with no significant change in noradrenaline excretion. When new rats were introduced into the experiment room, an increase in urinary adrenaline were observed, but no change in noradrenaline or corticosterone excretion was detected in the senior rats. This is consistent with the results of stress experiment 2 in the present study, which showed an increase in adrenaline in rats when other rats in the same experiment room were exposed to stress. Exposure to 100 dB(C) noise induced only an increase in corticosteroe in the rats, and lower levels of noise HORMONE  RESPONSES  TO STRESS  109 reduced adrenaline, noradrenaline and dopamine levels, with no change in corticosterone excretion. These results suggest that severe stress like immobilization causes a marked change in all 4 hormones, and that relatively mild stress produces a less pronounced but nevertheless significant change in 1 to 3, but not all, hormones in the rat. Stress-induced changes in hormone excretion were still observed 4 hours following exposure to severe stress, but hardly detected at all in the case of mild stress, indicating more rapid recovery from mild stress than from severe stress. The pituitary-adrenal and symathetic-adrenal systems have long been believed to be involved in stress reactions. As described above, severe stress has a great influence on both systems. In the present study, however, 100 dB(C) noise exposure increased only pituitary-adrenal activity, and a new or strange environment induced significant and marked changes only in adreno-medullary hormones, i. e., catecholamine and corticosterone responses were dissociated in these mild stresses in the rat, suggesting different physiological roles of the two systems in stress reactions. According to Lundberg and Frankenhaeuser16) , the responses of the two systems correspond to different psychological states in man.
They thought that pituitary-adrenal activation was associated with the negative feeling of distress, and that sympatho-adrenal activation was related to feelings of alertness and action proneness. This concept is helpful in evaluating the different responses of catecholamines and corticosterone to mild stress.
McCarty and Kopin10) demonstrated that SHR rats exhibit a greater response of plasma adrenaline and noradrenaline levels to footshock than WKY rats. Kvetnansky et al. 17 ) also reported that during immobilization SHR rats had significantly higher circulating levels of adrenaline, noradrenaline and corticosterone than WKY rats. We confirmed by urine analysis that immobilizationinduced increases in adrenaline, noradrenaline and corticosterone are greater in SHR rats than in WKY rats. The greater responsiveness of the sympatheticadrenal system to stress in SHR rats has been thought to contribute to the development of hypertension18). However, according to the present results, mild stress causes less pronounced changes in SHR rats than in WKY rats, judging from the urinary excretion of catecholamines and corticosterone. Furthermore, in the urine collected between 14 : 00 and 18 : 00 on the no-stress control days, the adrenaline and corticosterone values were significantly lower in the SHR rats than in the WKY rats. It appears that SHR rats become hypertensive at the age of 8 weeks, at the latest, even if the rat is maintained under ordinary, less-stressful conditions. The present findings do not support the hypothesis that stressinduced hyperactivity of the sympathetic-adrenomedullary system promotes the development of hypertension in SHR rats18), at least under ordinary, unstressed laboratory conditions.
On the other hand, urinary excretion of dopamine by SHR rats was consistently higher than that of WKY rats. The data presented by Gordon et al. 19) A. SUDO, et al.
could be interpreted as indicating that urinary dopamine output is more elevated in hypertensive subjects than in normotensive subjects. Yoshimura et a1.20) suggested in their experimental study of hypertensive rats that dopamine participates in the development of hypertension, because the augmentation of dopaminergic activity by administration of bromocropitine, a dopamine agonist, suppressed the increase of blood pressure in DOCA-salt hypertensive rats, while carbipoda, an inhibitor of dopa decarboxylase, accelerated the development of hypertension in SHR rats.
It appears that dopamine participates, at least partially, in the mechanisms of development and maintenance of hypertension in SHR rats.
